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focal laser scanning microscopy (CLSM) and ﬂuorescent probes
(Chloromethylﬂuorescein diacetate - stains the cytoplasm of live
cells green, Propidium iodide - stains the nuclei of dead cells
red) were used to determine in situ chondrocyte viability at 2.5
hours and 7 days. ’Z-sections’ (optical CLSM sections with ref-
erence to the z-axis) were obtained perpendicular (imaging the
superﬁcial zone immediately below the articular surface) as well
as parallel (imaging all zones within the full thickness of articular
cartilage) to the wound edge. The spatial distribution of in situ
chondrocyte death (zonal distribution), percentage cell death in
the superﬁcial zone (100 x (number of dead cells/number of
dead and live cells) within a three dimensional reconstruction of
the z-sections at the wound edge measuring 971µm(x-axis) x
200µm(y-axis) x 60µm(z-axis)) and marginal cell death (width
of superﬁcial zone chondrocyte death extending from the wound
edge to the live/dead cell boundary) were compared as a function
of osmolarity and time (2.5 hours vs. 7 days).
Results: In situ chondrocyte death was localised to the superﬁ-
cial zone of wounded articular cartilage for the range of medium
osmolarities (0-480 mOsm) at 2.5 hours and 7 days, with rel-
ative sparing of the middle and deep zones. Compared to the
control explants exposed to 340 mOsm DMEM, percentage cell
death in the superﬁcial zone was greatest for explants exposed
to 0 mOsm (distilled water) and least for explants exposed to
480 mOsm DMEM at 2.5 hours (13.0% at 340 mOsm (control),
35.5% at 0 mOsm and 4.3% at 480 mOsm, p<0.03 for paired
comparisons) and 7 days (9.9% at 340 mOsm (control), 37.7%
at 0 mOsm and 3.5% at 480 mOsm, p<0.01 for paired compar-
isons). There was a signiﬁcant decrease in marginal cell death
for explants exposed to increasing medium osmolarity (0, 170,
340 and 480 mOsm), at 2.5 hours (mean margins 128.4µm,
22.1µm, 19.6µm and 8.6µm respectively, p=0.001, analysis of
variance) and 7 days (mean margins 158.3µm, 42.1µm, 35.3µm
and 11.7µm respectively, p=0.002). There was no signiﬁcant
change in percentage cell death from 2.5 hours to 7 days for
explants initially exposed to any of the medium osmolarities.
Conclusions: Medium osmolarity signiﬁcantly affects chondro-
cyte death in wounded articular cartilage. Greatest chondrocyte
death occurs at 0 mOsm (distilled water). Conversely, a raised
medium osmolarity (480 mOsm) is chondroprotective. The ma-
jority of cell death occurs within 2.5 hours, with no signiﬁcant
increase over 7 days. Clinical relevance: These experiments
suggest that the osmolarity of irrigation solutions could be ma-
nipulated to reduce chondrocyte death from mechanical injury
during arthroscopic and open articular surgery.
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Purpose: Condrocytes are sensitive to their ionic environment
and respond with variations in the membrane transport proteins.
Chondrocytes from different zones of the articular cartilage are
known to have different properties. The aim of this study is to
determine the [Na+] and [K+] intracellular by superﬁcial and deep
human cartilage.
Methods: Human cartilage plugs were cut into 20 microns slices
with a microtome and ten consecutive slices were pooled, di-
videding the specimen into 200 microns sections starting from
the articular surface. Each pool was rinsed in cold solution (SF3)
for to stop the ionic transporters of the chondrocyte plasma
membrane. The [Na+] and [K+] intracellular were measured by
atomic absorption spectrophotometer after the removal of ions
from the extracellular space.
Results: The table shows the [Na+] and [K+] intracellular values
obtained. The values are mean± e.s.m. of n experiments.The
[Na+] and [K+] intracellular are expressed in nmol per mg of
tissue.
[Na+] [K+]
Superﬁcial-middle zone 33,8±2,9 40,8±3,1
Deep Zone 28,0±1,3 38,6±2,8
Calciﬁed zone 26,8±0,7 35,8±1,9
Chondroytes recovered from the superﬁcial and middle zone
shows progressively more [Na+] and [K+] intracellular than chon-
drocytes recovered from deep and calciﬁed zone of the same
cartilage.
Conclusions: These data conﬁrm the metabolic heterogeneity
of human chondrocytes, and suggest that ions modulation may
be involved of the turnover of the cartilaginous matrix in different
zones of articular cartilage.
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Purpose: Changes in extracellular matrix [Na+] occur in OA.
Previous results suggested that chondrocytes are sensitive to
changes in their extracellular Na+ environment. Cytokines are
important stimuli of the chondrocytes activation response that
can accompany cartilage injury.
Here we studied the inﬂuence of extracellular [Na+] on the
synthesis of IGF, IL-1 and TNFα cytokines, in a human cultured
chondrocytes.
Methods: Human chondrocytes were cultured in increasing ex-
tracellular [Na+] (154, 175, 200, 225, 250, 275 and 300 mM). The
biosynthesis of IGF, IL-1 and TNFα cytokines was examined by
immunoprecipitation and sodium dodecyl sulfate-polyacrylamide
gel electrophoresis of the synthesized citokines: human chon-
drocytes cultured in increasing [Na+] were immunoprecipitated
with speciﬁc antibodies, loaded on polyacrylamide gels and pro-
cessed for Western blotting using the corresponding antibodies.
Quantiﬁcation of Western-blots was performed and subsequent
comparing of the intensity of the bands.
Results: In Western blots, the intensities of bands speciﬁc for
IGF immunoprecipitated progressively increased as extracellular
[Na+] was increased. However, western blots revealed signiﬁ-
cantly smaller amounts of IL-1 and TNFα as the [Na+] in cultured
medium increased.
Conclusions: The chondrocytes exposed to high extracellular
[Na+] synthesised signiﬁcantly more anabolic IGF cytokine and
less catabolic IL-1 and TNFα cytokines. These observations
demonstrate the critical role of extracellular [Na+] in chondrocytes
synthesis.
